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) Honorable Brendan 1. Byrne

1.’ Governor of Mew Jersey 7 MM 1979
1 / Trenton , NJ 086~’l/ 1 /

If  I
: 1  I

• I

,
‘ / .1

1/ ,  Dear Governor Byrne :
/

t nclosed is the Phase I Inspection Report for M.ishe—Mokwa 1)am in
• p Burlington County, New Jersey which has been prepared under authorization of

• I / the Dam Inspection Act . Public Law 92— 367 . A brief assessment of
/ / th q’ dam ’s condition Is given in the front  of the report.

/ I
/ • fi~sed /on visual inspection , available records, calculations and past

Qpera/ioflal. performance , Mishe—Mokva Dam , a high hazard potential
$tru~türe, is judged to be In fair overall condition. The dam ’s spiliway
‘is $nsidered inadequate since 65 percent of the Spiliway Design Flood —

SD!!- w~ ~ild overto~s the dam . (The SDF, in this instance, is one half
of/ the Probable !‘!aximum Flood). To insure adequacy of the structure,

• tl~ following actions, as a minimum , are recossnended :

a. The spi’llway ’s adequacy should be determined by a qualified
professional consultant engaged by the owner using more sophisticated
methods, procedures, and studies within six months from the date of
approval of thl.s report. Any remedial measures necessary to insure the
adequacy of the spiliway and to prevent overtopping should be initiated
within calendar year 1980.

• b . Within three months from the date of approval of this report,
engineering studies and analyses should be performed to monitor the
seenag ’ by visual observation in order to determins’ its effect on the
structural stability of the darn. If necessary, measurements should be
made by the use of appropriate instrumentation. The monitoring should
be performed on a monthly basis. A detailed topographic survey of the

• dam and the areas around the dam should also be made and become part of
the permanent records of the dam . Remedial measures to correct the poten-
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:‘

~

-~~ —~~~~~~ — -



- ~
_
~sr —•‘—“—~ 

—

—

N O T I C E

T H I S  D O CUM E NT H A S  B EE N R E P R O D U C E D

FROM TH E BE ST COP Y FU RNISH E D US BY

THE SPONSORING AGENCY.  ALTHOU GH IT
IS RECOGNIZED TH AT C E R T A I N  POR T1 O NS
ARE ILLE G IBLE , IT IS BE I NG RELEASED
IN THE I NTEREST O F MAKING A V A I L A B L E
AS MUCH INFOR MATION AS POSS IBLE .
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SIPIN- ‘
Honor ahi t’ ~r i ’ntIan T .

t t a t  tnuntia t  inn ot t hi’ two holuses ad a cut to the low are a In the beach
should also he studied . .\nv remedial measures found necessary shou l d hi’
init iated with in ~‘atet ~d *r v~ar lQ8(~.

c. The f o l l ow i n g  rcmc~It ~t l ac ti ons  should he comn ietei l  within six
months from the da t e  of approval of this report :

(1) Trees and h~ush on th e dam emban%~ment should he removed . Trees
should he cut at the’ ground slI r face and brush removed In a way tha t  w i l l
cause mtntma l disturbance t ’  the embankment

(2) The eroded areas on the dam emba~akment should he properly till ed
and ompacted . The d ra ln ige  sy s te m for the road shou ld he corrected to
prevent future eroiton . Such work should be done imeediat,ly after the

• t rees and brush have b,’on removed .

(1) ‘~ good st and  of ~rass shnisl~ he established on all surfaces of
the embankment .

(4) Th. concr ete ,spttlwav and discharge culvert should he thoroughly
inspected and r epaired as required .

(S) The st i llin g ba sin area should he cleaned of aectaulated debris.

The owne r of th. dam should initiate a program of periodic inspection and
• .aint.nanc.. A visua l inspect (on of the da. and appurtenan ces should he

mad. annuall, and r.ported on a standardised check list form . Repairs
should be mad. when required and the following maintenance should be
performed annually : remove vegetation from th. embankmen t , fill any
eroded surfaces of the embankment and clear the downstream channel. In
addi t ion , th. practice of lowertü* the lake annually for maintenance pur-
poses should be continued and at least once every f ive years th. submerged

• portion. of the dam and spillwav should he inspected and repaired while
the lake is drawn down .

I ~ 
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NA~PEN-~
Honorable Rrcndan 1. Hyrn e

A copy of the report is being furnished to Mr. Dirk C. Hofman , New
Jersey Department of Environmental Protection , the designated State
Off ice  contact for th i s  program . With in  f ive days of the date of this
letter , a copy will  also be sent to Congressman Edwin B . Forsythe of
the Sixth D i s t r i c t .  tt ndcr the provision of the Free dom of
Tnforis~tion P i ct .  the inspection report wi l l  be sithiect to release
by thin o f f i c e , upon request , f ive  days a f ter  the elate of this
let ter .

A d d i t i o na l  cop ien of t h i s  report may he obtained from the National
Technical Tn format t on  Services (NTIS) , Spr i n g f i e l d , Virginia  22 161
at a reasonable cost. Please allow four to six weeks from the date of
this let ter  for NTIS to have copies of the report available.

An important aspect of the flan Safety Program wi l l  he the imp lementation
of the recomisendations made an a result of the inspection. IJe accordingly
request that wo he advised of proposed ~ctionn t aken by the state to
implement our reconm~endattnns .

Sincerel~~.

/ :1 m c i  JA~IES C.
As stated Colonel , Corps of Engineers

Distr ict  Engineer

C opies furnished :
flirk C. Hofman , P . R . .  Deputy Director
Division of Water Resources
N. .7. Dept . of Environmental Protection
P. ‘ 0. Box CNO2Q
Trenton , NJ

J ohn O’ Powd , Ac t ing Chief
Bureau of Flood Plain Management
Division of Wa ter Resources r
N. .1. Dept. of Fnvironmental Protection
P. 0. Box CN029
Trenton , NJ 0R62 S
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‘-I T sl ’ r-MoKw~ nA’~’ (N1004 I ‘I’)

CORPS cW f : : I \ ’~’~~~s ASSFcc ’-~P~T fiF r.F’-~FTTA ~. r c .~JflfT toNc

Th i s  dam was tn s~ e’ctec l on l~ flecember P~7S hv Sto r eb  E ngineers
ci nder con t ract  to th e ’ S t  it e  of ‘~I’W Je rse y .  Tb’ State’ ,
un der a gre ement with the ~‘ . S. Army r nr ~inec r D I s t r I c t - , Philadelnhia ,
had thi’ inqope tlon performed in accordance with the National Dam Tnqr’ectlon
A c t ,  Public ~.aw Q~ — lf ~7 ,

Mtshe— ’~okw~ nan , a h i g h  hazard  notential structure , is judged to he in
fair overall condition . The dam ’s snfl lwnv is considered ina denuare since
6~ percent of the Spillwav ~es1gn Flood - StW - would overtop the dam .
(The 51W , in this in st a n c e , I s one h s l f  of the P robable ‘~~~~t~~um rlnnei ’I .
To insure adeiuacv of the s tr u c t ur e . th ’ followln~ actions , as a m in imum ,
are recosimende’d:

a. The sptllwav ’c adequacy should he determin ed )iy a q ua l i f i e d
professional consultant engaged by the owner using more sophisticated
methods, procedures , and studies within ~1x months from the date of
approval of this report . Any remedial measures necessary to insure the
adequacy of the soillwav and to prevent overt onn ing should be i n i ti a t e d
wi th in  calendar year j~Sn .

h. Wlthtn three months from the date of a~nroval of this report .
engineering studies and analyses ~hou 1d he performed to monitor the
seepage by visual observation in order to determine its e f fec t  on the
structural stabilit y of the dam . If necessary , measurements should he
made by the use of appropriate instr~iaentatf on. The monitoring should
he nerformed on a month ly  basis. A detai led topographic survey of the
dam and the areas around the dam should also be made and become part of
the permanent records of the darn . Remedial measures to correct the poten-
t ial  inundation of the two houses adjacent to the low area in the beach
should also be s tudied . Any remedial measure s foun d necessarv should he

- in i t i a ted  w i t h i n  ca lendar  year 1Q50 .

c. The fo l lowing  remedial actions  should he completed within six
months from the dat e  of approval of this  report :

(I) Tre es and brush on the darn embankment should be removed . Trees
should he cut at the ground surface and brush removed in a way that  w i l l
cause minimal  d isturb an ce to the embankment .

(7) Th~ eroded areas on the dam embankment should he properly f i ll e d
and compacted . The drainage system for the road should he corrected to

- _~~~~~ _ _~~~~~~ 5~~~



P revent f u t u r e  erosion , ‘~ti~ -h work ~h~ u ld  be done I mmedia tely a f t e r  the
tree. ~nd brush have t’,•,’e, removed .

(‘I) I e~ood .tand ~f grass should he established on all ~
urfaees of

the embankment .

( 4 )  The conc rete’ an tllwa v and 5ltscha rge culvert ahocild he ’ thoroughly
inseected and repaired as renuired .

(S) The sti llin g basin area ~houId he cleaned of accumu lated debr i s .

Th, owner of the ~iam should initiate a program of periodic in spection and
maintenance. ~ vi.ual tnqpecttnn of the darn and appurtenances should he
made annual lv and recorted on a standardized cheek l is t  form . Ren atr s
should he made when requi red end the following maintenance should tc~
pert or-mad annually: remove vegetation f rom the embankment, fill any
eroded surfaces of th~ embankment and clear 

the downstream channel. In
addition , the practice of lowering the lake annually for maintenance peir- r
noses should he continued and at least once every five years the submerged
portions of the clam and antllwav should he ince rcected and repaired while

the lake is drawn down .

7 — - 
,

5_

APPROV?1’ 
~~~~~~~~~~ ~~~ LL

fr,Es C . T(~N
Co lonel , Corp s of Pngineers
Dis t r i c t  Engineer
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PHASE I REPORT

NATIONAL DAlI SAFETY PROGRNI

Name of Darn: Mi she—Mokwa Dam , 1.0. NJ00419

State Located : flew Jersey 
-

County Located : Burli ngton

Drainage Basin: Delaware

Strean: Tributary to Haynes Creek

Date of Inspection: December 12 , 1978

Assessment of General Condition of Darn

Based on visual inspection , past operational performance and Phase I
enginee ring analyses , £lishe—Mokwa Dam is assessed as being in fair
overall condition.

hydraulic and hydrologic analyses indicate that the spillway is
inadequate. Discharge from the spiliway and from a low area of the

lake shore adjacent to the darn is not sufficient to pass the designated
spiliway design flood (SDF) without overtopping of the dam. (The
SUE for Mishe-Mokwa Darn is equal to one-half the probable maximum
flood.) The spiliway , together with the low area adjacent to the
darn , can pass approximately 32 percent of the probable maximum
flood. Therefore, the owner should engage a qualified professional
engineer soon to perform accurate hydraulic and hydrologic analyses
relating to the spillway capacity . Based on the findings of the
analyses, the darn and spillway should be modified to prevent overtopping
of the darn resulting from a storm equivalent to the SOF.

Two zones of seepage are present on the downstream face and toe of

embankment. Arrangements should be made soon to monitor the seepage
on a monthly basis in order to determine its effect on the structural
stability of dam.



Two houses appear to be 1 ~ rt~ d in the ~1~mn~ t rta flood plain of
the low area adjacent to the darn. Any di sc har ne frcr i t he lak e  o v er
the low area could e t ?  ec t the two houses. Rc: -~t”d Ia 1 n e a s a r es  to
correc t t h i s  cond~~ ion shou ld he in i t ia ted soon .

The spi 1 lwa v appears to he in ~oo~1 co nd i t ion .  Howo~ or , in the near
future , it shou ld he thorouihly inspec t ed and rono~ ated by sand
blasting, ~irou t I m i  ~d iere n eeded and coa t in g  w i t h  ep~r~ -

The spi 1 1 wa~ di schar ~ie c ulver t , a) t houeh ap~oar ’ i  i i~ structural  lv
soun d , cont a ins sc :e det e r io ra t ion  ~T hic h sho u ld ~e repa ired in the
nea r f uture .

The still inq basin dot~nstr ca ~ of the spi 1 lt~~y di scha ,-  culvert
contains debris th a t  should be r’e~eved in the ne a r - future .

The enbanki’’ent is i:onera l lv t’ree of ~et tl c ent an1 appears to N~
structural ly sound . H~w cver , tree s and brush as ~.ell as erosion

are prese nt en i t s  sur f a ce.  Thes e ¼’ord it ions should t~e ropai rrd in
the near future anti t herea f te r - a  I rita i no d . Repa i rs inc 1 udc ’ t he
removal of trees and brush , the t i l l  inq of eroded areas, the estahl
ment of a q r’ass cover and the con ’ rec t ion of t he r-eadw ~ d ra i na~:e

syste~i.

The owner s h o u l d , in the near future , i ip1e’ -~en t  a p o ~ira -~ of periodic
inspecti on and na intenance for the darn which would i nd tide a topo~ raph i c
survey to provide a record of o\ i  st I n~i con di tions. Repairs should
be made when required and the fol lo w i ne ma i nt enance  shoul d be

performed annual ly : remove trees an d brush from the er~h a n k - ~en t

ii 

ri~rniij .Ti~ ~~~~~~~~~ 
‘5 ’~~~~



fill anj eroded surfaces of the enbankment and clear the downstream
channel . ln additon , the practice of l owering the lake annually
for maintenance pu rposes should be continued and at least once
every five years the submerged portions of the darn and spillway
should be inspected and repa i red whil e the lake is drawn down .

‘
/ ‘

. G

Richard J. lc Dernott, P .E .
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PREFACE

This report is prepared under guidance contained in the Recommended
Guidelines for Safety Inspection of Dams , for Phase I Investi gations.
Copies of these guidelines may be obta ined  from the O f f i c e  of Chie f
of Engineers , Washington , D.C. 30214. The purpose of a Phase I
investigation is to identify expeditiously those dams which nay
pose hazards to human l i fe or property . The assess ment of tine
genera l condition of the darn is based upon ava i lable data and
visua l inspections. Detai led investigat ion , and ana lyses involving
topographic mapping , subsurface invest igations , testing , and detai led
computational evaluations are beyond the scope of a Phase I invest iga t ion;
however , the invest igat ion is intended to identify any need for
suc h studies.

In rev iewing this report , it should he rea l ized that the reported
condition of the dam is ba s ed on observations of f ie ld condit ions
at the time of inspection a long wi th data ava i lab le  to the inspection
team. It Is important to note that the condit ion of dam depends on
numerous and constantly chang ing  i n t e r na l  an d external  con d i ti ons ,
and is evo lutionary in nature. It would be incorrect to assu me
that the present condition of the darn wi l l  continue to represent
the condition of the darn at some point in the future . Only through

cont inued care and inspection can there be any chance that the
unsafe conditions be detected .

Phase I inspections are not intended to provide detailed hydro log ic

and hydraulic analyses. In accordance with the establ ished Guidelines ,
t he Spi liway Test f lood is based on the esti mated “Probable Ma x im um
Flood” for the reg ion (greatest reasonably possible stor m runoff),
or fractions thereof. The test flood provides a measure of relative
spillway capacity and serves as an aid in detennining the need for
more detailed hydrolog ic and hyd raulic studies , considering the
size of the dam , its general condition and the downstream damage
potential.

v i i

~
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PHA SE I IN SPECT I ON R EPORT

NATIONAL DAM SAFETY PROGRA M

M ISHE-MOKW A DAFT , 1.0. NJ00419

SEC TI ON 1: PROJECT INFORM A TION

1.1 General

a. Authority

r i

Public Law 92-367, August 8, 1972 authori .ed the Secretary
of the Army, th rough t he Corps of Engineers to init iate a

National Program of Dan Inspection throughout the United
States. The Division of Water Resources of the New
Jersey Department of Environmental Protection (NJD[P) in
cooperat ion with the Philadelphia Distr ict of the Corps
of Eng ineers has been assigned the responsibi l ity of
supervising the inspection of dams within the State of
New Jersey. Starch Engineers has been retained by t he

NJDEP to inspect and report on a selected group of these
dams. The NJDEP is under agreement w i t h  the Philadelphia
District of the Corps of Engineers .

b. Purpose of inspection

The visual inspection of Mishe—Mokwa Darn was made on
December 12, 1978. The purpose of the inspection was to
make a general assessment of the structural integrity and
operational adequacy of the darn structure and its appurtenances.

I 
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1. 2 S r jp t ion of Prt~ ect

a. Description of Darn and Appurtenances

Mlsh e—Mok wa Dan is an earthf i l l  dam wi th a concrete box
drop- inlet spi l lw ay . The sp i l lw ay , w h i c h  is covered with

a metal grate , functions in both control led and uncontrolled
modes as fol lows : 1. the sides of t he drop inlet form
an uncontrol led weir and ~~~. a slot a t  the  ups t r eam end

of the spi l iway is f it ted wi th  timber stoplogs forming a

controlled we ir. The embankment is sandy and grass
covered wi th brush and trees on i ts downstream face and a
paved road on its crest.

The stoplog s forming the controlled weir of the spillway
can also be used as outlet works to drain the lake.

Having an overall crest length of 1(~ feet., the embankment
extends southeast to a wooden dock beyond which a puhl ic
beach extends along the northeast edge of take Ft ishe—N o kwa .
The beach lies between the lake and the saoo road that
runs along the darn crest.  In the v icinity of the beach ,
the road elevation is approxi mately 0 .9 feet above normal
lake level whi le along the crest of don the road el evat ion
Is approximately 2.1 feet above normal lake level. Thus ,
the lake shore is lower in the beach area than is the
crest of darn, allowing hig h water levels to flow overland
before overtopping the darn. A complete hyd raulic analysis
is contained In Appendix 4.

The spiliway has dimensions 3.6’ x 6.0’ with stoplogs ‘.4
feet long. Thus , the concrete weir crest length is 13. ’

feet and the timber weir crest l ength is 2.4 feet. The
spiliway crest lies 2.3 feet below the elevation of the
darn crest and 10.6 feet above the elevat ion of the down-
stream channel bottom .

2
5 , .  ~~~~~~~~~~ - . 5--—-—--

- - - - .
— .—~- . . — .—.—,-~--

- -- ---. ~-- -~ -- , ..~~~~~~~~~ , - ~~~~~~~~~~~~~~~ -~
. -



Extending upstrea m of the ma in impoundment of Fi ishe—Mok wa
Dam are three f inger —l ike proj ections of water each of
w h i c h  c o n s i s t s  of two or more impoundments separated by
road ennhankments and connec ted by di scharqe s t ru c  tures
similar to the subj ect spi l iway. The norma l water level
elevation of each Impoundment is h i gher  than tha t of i ts
adj acent downstrea m impoundment , creating a “stepped ”
series of impoundments. A bypass channel has been construct ed
along the northwest shore of Lake Mis he— ~Tokwa connectin g
the f irst upstream stepped impoundment wi t  Ii the downs trean
channel of Fl ish e—Mo kw a Dam. See Hydraulic co pu t a t i o t i s
Appendix 4. A discharge structure at the downstrea m end
of the bypass channel outlets to the down st rea’ channe l
This structure , together wi th i ts d ischar ~:e pipe , is not
considered to he an appurtenanc e of the dam.

A water pump is  located on the downstream face of embankment

near the stilling basin and is used at tines of low flow
to pump water from the s t i l l  ing b a s i n  to one of the

upstream impoundments to recharge the lake.

I

I 

b. Location

Mishe— Mokwa Dam is located in the Borough of Medford
La kes , Burl ington County , New Jersey . Al so known as

,‘ Beach 3 Dam, it impounds Lake Mi she —M o kwa which fon ~s the
recreation center of a densely populated section of
Medf~rd Lakes. Wa ter outflowin g from the darn passes into
Bal I1tnger La ke and then through a series of lakes and

eventu’ally Into Haynes Creek. Principa l access to the
darn Is provided by the local road forming Its crest.

(
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c. Size and Hazard Classif ication

Size and Hazard Classification criteria presented in “Recom-
mended Guidelines for Safety Inspection of Dams ,” published by
the U. S. Array Corps of Engineers are as fol lows :

SIZE CLASSIFiCATION

IMP OUND M EN T
Category Storage (Ac-Ft) Hei~ht (Ft)
Small < 1000 and ~ 5O < 40 and � 25
Intermediate � 1000 and < 50,000 � 40 and < 100
Lar ge � 50,000 � 100

HAZARD POTENTIAL CLASSIFICATION

Category Loss of Li fe Economic Loss
(Extent of Development) (Extent of Development)

Low None expected (No per- Mini m al (Undeveloped

manent structures for to occasional structure ’
human habitation or agriculture)

Significant Few (No urban develop— Appreciable (Notable
ments and no more than agriculture , industry
a small number of or structu res)
inhabitable structures)

High More than few Excessive (Extensive
community , industry
or agricul ture )

(

4
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The characteristics of Mishe-Mokwa Dam are:

Storage 54 acre-feet

Height = 13 feet

Potential Loss of life : A pprox. 2~ hones wi th in
1600 feet of dam in flood
plain as delineated by SDF

out flow.

Potential Economic Loss: Sewage treatment plant, two road
bridges wi thi ii 3S00 feet of darn.

Therefore , hishe—Mokwa Darn is classified as “Sm all” si.~e
and “Hig h” hazard potential.

d. ~vnership

Mishe—Mokwa Dan is owned by the Med ford La kes Colony
Club , Tecunisek Trail , t’ledford Lake s, New Jersey ~~~~

e. Purpose of Darn

The purpose of the  darn is the impoundment of a recreational
lake facility .

f. Design and Construction History

The darn reportedly was constructed prior to 1900 and
until approximately 1950 was used to impound cranberry
bogs. The residential development surrou nding Lake

Mi she—Mokwa was constructed in  or about 1950 and the

5
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present concrete spi l lway was constructed approximately
10 years later. The contractor reportedly was the Hill
Construction Company of Mt. Holly.

g. Normal Operational Procedures

The dai and appurtenances are no into i ned by Med ford Lakes
Colony Club while the road is main to i nod hy the B~rouqh

of M~dford Lakes. Regul a ny  scheduled maintenanc e cons is t s
of the fol owing: 1. Each sprin~ the lak e is lowered ~
to 4 feet at which t inc the gate is repa i i-ed , the  lake

cleaned and docks along the lake i-epa i red . The lake
lowerin reportedly requ ires one week to acconpl I sh .

P e r i o d i c a l l y, new turf is replaced where the enbankmen t

erodes away.

1.3 P e r t i n e n t  Data

a. Drainage 4roa — 0. ~~ square ii 1 os

b. Discharge at P~msi t o

Maximum known flood at dansi to Unknown

~.itlet works at pool elevation ihO c.f.s .

D i v e r s i o n  tunnel low pool out let at
pool elevation N.A.

Diversion tunnel ou tlet at pool

elevation N.A.
Gated spiliway capacity at pool

elevation 0 c.f.s.
Gated spillway capacity at maximum

pool elevation 160 c.f.s.
Ungated spiliw ay capacity at max imum

pool elevation N.A.

6

— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ~~~. -— .-5-- - - . - — - - 5 - —~~~~. — —~~~~ -- - -  ~~~~~~~~~~- --~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
—

~~~
-
~~~~~ -



Lake overflow (beach area ) 684 c.f.s.
Total spillway capacity at maximum

pool elevation 844 c.f.s.

c. Elevation (Feet above MS1)

Top of Darn 79~~4

Maximum poo l— design surcharge 72.9
Full flood control pool N.A.
Rec reation pool 70. 3
Spiliway crest 70. 1
La ke overflow (beach area ) 71.2
Stream bed at centerline of dan 59.5
Maximu m tailw ater 63÷ (Estimated)

d. Reservoir

Length of maximu m pool 1,000 feet ( irregular)
Length of recreation pool 1,000 feet ( irregular)
Length of flood contro l pool N.A.

e. Storage (Acre-feet)

Recreation pool 27 acre-feet
Flood control pool N.A.
Des ign surcharge (Elev.72.9) 61 acre—feet
lop of dam (El ev . 72.4) 54 acre-feet

f. Reservoir Surface (Acres)

lop of dam 14 acres (estimated )
Maximum pool 15 acres (estimated)
Flood control pool N.A.
Recreation pool 11 acres
Spil lway crest 11 acres

7
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9. Dam

Type Earthfill
Length 165 feet
Height 13 feet
Si deslopes — Upstream 2 horiz. to 1 vent .

— Downstrea,~i 2 horiz. to 1 vert.
Zoning Unknown
Imperviou s core Unknown
Cutoff Unknown
Grout c ur t a i n  Unknown

h. Diversion and Regu lating Tunnel tl .A.

i. Spillway

Type Drop Inlet
Length of weir 15.6 feet
Crest e l evat ion  70.1
Gates Timber Stopl ogs

2.4’ long
Upstream channel N .A.
Downstream channel 3.5’ x 4’ conc.

arch culvert

j. Regulating Outlets

Timber stoplogs 2.4’ long .

8
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SECTION 2: ENGINEERING DATA

2. 1 Design

No plans or calculatio is per taining to either the original darn or
the reconstructed spi liw ay could be obtained.

7.2 Construction

No records are available pertaining to the construction of either
the original dam or the reconstruction of the spiliway in or about
1950.

2.3 Operation

No records of operation of the lake or dam are avail able. Normal
operation of the darn and appurtenances reportedly consists of the
following: 1. Water is pumped from the downstream channel of the
dam to one of the impoundments upstream of the main lake to provide
recharge during time s of low f low . 2. The spillway stoplags are
pulled out each spring to l ower the lake for maintenance purposes.
The stoplogs are not pulled at the time of storm occurences.

2.4 Evaluation

a. Availability

Engineering information pertaining to the design of either the
original darn or the reconstruction of the spillway is not
available.

9
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The only engineering information available is the elevation
of a bench mark located on the sp-illw ay headwal l . The

elevation , which appears to corres pond to USGS datum , is

on file at the Borough of Med ford Lakes maintenance
garage.

b. Adequacy

Available eng ineering data pertaining to Mishe- Mokwa Darn
is not adequate to be of significant assistance to the

performance of a Phase I evalu ation. A list of absent
information is included in paragraph 7.1.b.

c. Validity

The validity of engineering data cannot be assessed due

to the absence of data .

10
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SECTION 3: VISUAL INSPECTION

3.1 F in d~~~~

a. General

The inspection of Mishe-Mokwa Darn took place on December 12 ,
1978 by riiembers of the staff of Storch Engineers. A copy of
the visual inspection check list is contained in Appendix 1.
The fol l owing procedures were employed for the inspection :

1. The embankment of the darn , appurtenant structures
and adjacent areas were examined.

2. Areas of suspected seepage were noted and located.
3. The embankment and appurtenant structures were

measured and key elevations at the fi rst upstream
impoundment were determined by hand l e v e l .

4. The embankment and appurtenant structures and adjacent
areas were photographed.

5. A member of the maintenance staff of Medford Lakes
Borough was present to assist in the inspection .

b. Dani

The darn embankment crest appeared to be level , with a slightly
curved horizontal alignment. A paved road lies on the crest
and was found to be in good condition .

Erosion was noted along sections of the upstream and down-
stream faces of the embankment , especially on the downstream
face. No riprap was observed. Generally sandy in surface
composition , the embankment contains some grass on its up-
stream face and grass , brush and trees on its downstream face .

11
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Two seepage zones were noted on the downstream face of the
embankment. A wet area was observed on the downstream face in
the vicin ity of the east win gw a ll of the dischar ge culvert.
Seepage was ob serve d at the embankment toe a pp rox ina t eh  60
feet ea s t. of the spi l l  way. Di sc ha rg I ng in the to  rm of a

slight trickle , the st’epaqe flows into a small dro I naqe ditch
running along the embankment toe in to the st i l l  i ng basin.

No evidence of cracking or sett l ing ~as noted in the dam nor
were any anima l holes observed.

The general i :ed so i ls description of the darn s i t e  co i i s  I s t s  o f

Stratif ied ma t e r ia l  s , predominantly s i  1 ty sand and narrow I ~
graded sand , deposited during the Tertiary period and de-
siqnated on the Geologic map of New Jersey prepared by Iew is
and Kuinme l as Ki rkwood Sands. Composed on the averaqe of
varying percentaqes of very fine to coarse quartz sand , the

Ki rkwood Sands are over lain in the area of the lake by re-
cently depos i t ed  s t r a t if i e d , swampy al luvium.

Bedrock is in excess of 100 feet below the qround surface. It
is  as sumed that the dam i s founded on the si 1 ty sands of the
Kirkwood formation.

c. Appurtenant Structures

The crest of the spillw ay appeared uniformly aligned although
a major part of it was submerged by overflow at the time of
inspection. Water was flow ing over the concrete we i r  sec t ion
of the spillway and~ therefore , the condition of much of the
structure was not clearly observed. In genera l , the concrete

as well as the steel grate and t i m b e r  s top logs  appeared to be
in good condition .
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The spil iway discharge culvert Is generally in sat isfactory
condition althoug h the concrete is deteriorated at its
out le t  end. The concrete of the discharge culvert headwall
and w l n g w ø l l s  I s  in  satisfactory condition with some
minor cracks and spal is.

d. Reservoir Area

Lake Mishe-Mokwa is an Irregularly shaped lake located in
a densely popu lated residential area. Its shores range
from less t h a n  1 ~ to 1O~ wi th  an average slope of approximately
4%. A few docks are located along t h e  edge of the lake
where residential develop ment has taken place. A ‘OO—foo t
long sec tion of the shore has a ma .\ u - i on elevat ion above
the lake approxi mately 1. ~ f ee t  lower than the elevat ion
of the darn crest. Thus , a :~00— foot section of the l ake
wi l l  he overto pped by hi gh water levels before the darn is
overtopped .

e. Downstream Channel

The downstream channel of Mi s he— Mok w a Pam is a narrow

lake (Bal linger Lake) with no sig nif icant obstructions ,
al thoug h some debris was observed in the stilling has in
area . Both ban ks are moderately steep and wooded and
support residential development. In the vicinity of the
darn, the lake is wider t han  it is further downstream

forming a stilling basin for the spillway dischar ge.
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SECTION 4: OPERATIONAL PROCEDURES

4.1 Procedures

The level of water in Lake Mishe-Mokwa normall y is regulated
naturally by discharge over the concrete weir sections of the

spiliway of Mishe-Mokwa Dam. Each spring, the stop logs are removed
in order to lower the lake for maintenance purposes. Reportedly,
approximately one week i s  r equ i r ed  to l owe r the lake 3 to 4 feet.
During periods of low flow , water is pumped from the  s t i l l i n g  b a s i n

to one of the upstream impoundments on the west side of the lake in

order to recharge the lake volume . The level of water in the lake

is further regulated by the series of emban kments upstrea m of the
main dam. Stoplog boards reportedly are not removed at tinie s of
intense storms .

4.2 Maintenance of the Darn

The darn generally i s  mainta ined by periodically replacing turf on

the embankment where erosion has taken place. Also , the lake is

lowered on an annual b a s i s  a t  which time the gate is repai red , t hi- ’
lake cleaned and docks repaired. There - is no other program of
regular inspection and maintenance ; additional maintenance is
performed as nee ded.

4.3 Maintenance of Qpera t i n~j Facilities

Maintenance of operating facilities, such as the recharqe pum p is
performed as needed.

- 
e 4
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4.4 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Reportedly, telephone coninunication is mainta i ned between persons
responsib le for dams in the Medford Lakes area and the Civil
Defense representatives in Medford Lakes Borough.

4.5 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~

The operation of the darn , together with the upstream ernbankments
has been successful to the extent that the dam has not been over-
topped since the presen t  spi l lw ay was constructed.

Al though maintenance d o c u m e n t a ti o n  i s  poor , the adequacy of the

maintenance program for the darn appears to have been fair .  The

spi llway and roadway are in good condition. Some areas of maintenance

have not been adequately performed , such as the fol lowing:

1. Trees and brush allowed to grow on downstream side of the

embankment .
2. Erosion of emban kment  not adequately treated.

3. Deteriora ted concrete of discharge culvert not repair ed.
4. Bare soil on embankment allowed to remain w i t h o u t  new

grass.
5. Debris allowed to accumulate in stilling basin.

15
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SECTION 5: HYDRAULIC /HYDROLOGIC

5.1 Evaluation of Features

a. Design Data

The intensity of storm wa ter runoff that the spillway
should be able to handle is based on the size and hazard
classification of the dam . This runoff intensity , called
the s p i l i w a y des i gn f lood (SDF), is described in  terms of
frequency or probable maximu m flood (PtIF) depending on

the extent of the darn ’s size and potential hazard .
According to the “Recommended Guidelines for Safety
Inspection of Dams ”, published by the U.S. Ar my Corps of

Engineers , the SDF for Mishe—Mokwa Darn falls in a range
of 1/2 PMF to PMF . In this case, the low end of the
range , 1/2 PflF, is chosen since the factors used to
select size and hazard classification are on the low side
of their respective ranges .

The SDF peak infl ow calculated for Mishe—Mokwa Dam is
2031 cfs . This value is derived from the 1/2 PMF h y d r o g r a p h

computed by the HEC-i-DB Flood Hydrograph Computer Program.
Deta iled hydrologic computations and computer outpu t are
contained in Appendix 4.

Di scha rge capacities for Mishe-.flokwa Dani were computed by

consider ing two points of outfl ow fran the lake: the
s pl l l w a y  and the low area in the beach adjacent to the
dam. The spil lway was assumed to have the combined
characterist ics of a broad crested weir wi th breadth
equal to 1 foot (concrete weir) and a sharp crested weir
(stoplogs). The combined discharge wi th wa ter level at

16
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the darn crest was computed to be 1 60 c Is. The 1 ow area
adjacent to the spi I lway was assumed to be a broad crested

weir with c=2.63. Disch a rge over the low area wi th  water ’
level at the dar i ~~~~~~~~~~~ was co mputed to he 6~ 4 cts

In rou ti no the SDF throuqh the impoundment ~f the dim ,

the separate impou ndrnt’n t s ~~~ t ream ~f t he ma in lake ~~~
considered to be one cont in u ou— ~ lake . (See Appendix 4.

Purl nq a t vp fc~l st erm , t hose i ripen ni- Irien t ‘~ tend to at t 4’nua t c

the f low reach inq the ma in l ak e .  In rou t m o  the SPI , i t

was found that t. he dam would t ie overt op pod by a i-iep t h of

0. ~- foot over the dam i-- res t  and tha t  the low area adja ce nt

to the dam would be overtopped by a de pt h of 1. feet

A breac h an alys is  ind i ca tes  tha t dai- i fa i l ~~~~ f r i-~~ ~~~~ i-~ppi~~
would net s ioni f icant ly  incrt ’a~t ’ the hazard to loss of
lif e downstre a m from the darn from that which wou ld exis t
wi t hou t overt  opp i n~ fa i l  nrc. Acc ord I ng l_v , the subj ect
spi 1 iway is  a s se ssed a~ boino inadeq uate in acc ord a nce
with cr 1 teria developed by t he U. S. -~ri~ l’erps of I.n~ m oors .

b . Ixper ionc e Ri ta

According to a member of the s t a f f  ot the ?fodford take s
ma intenance dep a rt ment , the dam has net ove rt epped d i r  no
the past 1;’ yea r s  nor ha s the low ar .ea of the la ke adj acent
to the tlai i been overtopped do r I nq that per I Ott ~f t i --o .

Thi s  experl once tends to support the conce pt of an at t ~‘nua t I

eff ec t. of the impoundment s ups t ream t r t ~ i t he :-~a in lake

17
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c. Vi sual Observations

No evidence was found at the tine of inspection that
would indicate prev i ous overtopping of the dat.i or adjacent
low area .

Two hor-ies appear’ to be in the downstreai.r flood plain of
the low area adjacent to the dam , although an accur ate
determination of the lim its of the flood plain cannot be
made without further investi gati ons. The homes are not
in the flood plain of the dam and are not ar-ionq those
mentioned in paragraph 1. 2.c. However , they could be
effected by any overtoppino of the low area (beach).

d. Overtopping Potential

As indicated in  parayt’aph 5. l .a , a storm of magnitude
equivalent to the SDF would cause overtopping of the dam

to a hei ght of 0.5 foot. Computa tions indicate that the
darn can pass approximately 32 per-cent of the i~’1F w i t h o u t

overtopping of the dam crest. In addition , the  dam can
pass approximately 8 per-cent of the ~NF wi t J~out overtopp—
ing of the low area (beach) adjacent to the dam.

p4
h
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SECTIO N 6: STR UCT URAL STABILIT Y

6.1 Evaluation of Structural Stability

a. Visual observations

The embank ment appeared , at  the tine of inspection , to be
structurally stable with no evidence of cracks , displace ment
or differential settlement. However , the visual inspection
disclosed two zones of seepage through the dam as described
in paragraph 3.1.b.

An accura te deter mination of the severity of the seepage
depends on several factors , one of which is periodic
observation. The severity of the seepage noted at Mishe-Mokwa
Dam cannot be precisely determined at the present time .

b. Desi gn and Construction Data

The analysis of structural stabi l i ty and constr uction
data for the embankment are not avai lable.

c. Operating Records

There are no operating records avai lable for the dam.
The water level of Lake Mishe— Fiokwa is not monitored .

d. Post Construction Changes

Since the sp iliwa y was constructed at Mishe —M o kwa Dan in
or abou t 1960, there have been few changes to the darn or
the area surrounding it that could have any signi ficant
effect on its structural integrity . The only eviden ce

I
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for the possibility of such a change is the existence of
the bypass channel adjacent to the west side of the lake.
The construction of the channel requ i red excavation in
the vicinity of the dam .

e. Seismic Stability

Mi she—Mokwa Darn is located in seismic Zone 1 as defined
in “Recommended Guide lines for Safety Inspection of Dams ”
which is a zone of very low seismic activity . Experience
indica tes that dams in Seismic Zone 1 will have adequate

stability under seismic loading conditions ‘if stable
under static loading conditions. Mishe-Mokwa Darn appeared
to be stable at the tine of inspection .

20
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SECTION 7: ASSESS HEN T AND RECO N MENDAT I ONS

7.1 Darn Assessmen t

a. Safety

Based on hydraulic and hydrologic analyses outlined in
Section 5 and Appendix 4, the spil lway of Mishe-Mokwa Dam

is considered to be inadequate .

The structural integrity of the  dam appears to be adequate
based on field investigations; the seepage is not considered

to be an immediate indication of instability . No reported
nor written evidence was found that would contradict that
assessment.

b. Adequacy of Information

Information was gather-ed from several sources , including :
1. field investigation , 2. USGS quadrangle sheet , 3.
aerial photography from Burlington County , and 4. consultation
with staff members of 7’Ied ford Lakes maintenance department.
The info rmation obtained is sufficient to allow a Phase I
assessment as outlined in “Recommended Guidelines for
Safety Inspection of Dams ”.

Some of the absent data are as follows :

1. flydraulic and structura l analyses of the darn and
appurtenances.

2. Hydraulic data pertaining to the impoundmen ts upstream
of the main lake.

3. Stream and lake elevati on gauging records.
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4. Plans of the dan and appurtenances .
5. Descri ption of the darn fill materials.
6. Inspection reports.

c. Necessity for Additional Data/Evaluation

Additional evaluation is considered necessary in order to
assess the effect of the observed seepage on the structural
integrity of the darn . The evaluation should he based on

monitoring of the seepage as outlined in paragraph 7.2.c.

To provide an adequate record of existing conditions at
the darn , a topographic survey should he undertaken as
outlined in paragraph ‘. .c.

7.2 Recommendations - 
-

a. Remedial I~easures

Based on hydraulic an d hydrolog i c analyses  o u t l i n e d i n
paragraph 5.l.a ., the spillwa y is considered to be inadequate .
It is therefore recommended t h a t  a qual ified professional
engineer be engaged soon to perform m ore accura te hydraulic
and hydrologic analyses relatin g to - the spi llwa y capacity.
The analyses should more accurately determine runoff
characteristics of the watershed , including the effect of
the impoundments upstre am of Lake Mishe—tl okwa and should
refine the d i s c h a r g e  c a p a c i t y  of the  spil i way and the
downstream channel capacity .

Based on the findings of these anal yses , the darn and
spillway should be modified to prevent overtopping of the
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dam resulting from a storm equivalent to the SDF. The
following alternatives should be considered :

1. Improve the present spi llway to accommodate the
routed SDF flow rates .

2. Construct additional outlet facilities in the form
of auxiliary spillways and emergency spillways .

Based on investigations made in connection with this
report, it is evident that in the event that the low area
(beach) adjacent to the darn is overtopped , two houses in
its vicinity could be innundated . Remedial measures to
correct this adverse condition should be initiated soon.
Three alternative remedial measures are presented :

1. Improve the downstream channel of the low area to
direct flow around the two homes .

2. Raise the crest of the low area in order to eliminate
its overtopping. This alternative would necessitate
a re—evaluation of the spiliway adequacy .

3. Remove the hones in the downstream flood plain of
the low area (beach).

It is further recommended that the following measures be
undertaken by the owner in the  near future.

1. Trees and brush on the darn embankment should be
removed. Trees should be cut at the ground surface
and brush removed in a way that will cause mini m al
disturbance to the embankment.
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2. The eroded areas on the darn embankment should be
properly filled and compacted . The drainage system
for the road should be corrected to prevent future
erosion. Such work should be done immediately after
the trees and brush have been removed .

3. A good stand of grass should be established on all
surfaces of the embankment.

4. The concrete spiliway and discharge culvert should
be thoroughly inspected and repa i red as outlined

bel ow:

a. Drain the lake to an elevation equal to the
invert of the stopl ogs.

b. Sand blast all concrete and pressure grout any
major cracks and patch all spalls and eroded
surfaces.

c. Apply an epoxy preservative coating to all
surfaces.

5. The stilling basin area should be cleaned of accumulated
debris.

The implementation of the above measures will require
proper detailed design and the obtaining of applicable
DEP approvals.

b. Maintenance

The owner of the dam should initiate in the near future a
program of periodic inspection and maintenance, the
complete records of which to be kept on file and made
available to the public. A visual inspection of the darn
and appurtenances by a qualified professional engineer
should be made annually and reported on a standardized

[~n Jc - IITI y~~- -~ - TrI - irit~~1- - - 
~~~~~~~~~~ 
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check-list form. Repairs should be made when required
and the fol lowing maintenance should be performed annually:
remove vegetation from the embankment , fill any eroded
surfaces of the embankment and clear the downstream
channel . In addition , the practice of l owering the lake
annually for maintenance purposes should be continued and
at least once every five years the submerged portions of
the darn and spillway should be inspected and repa i red
while the lake is drawn down .

c. Additional Studies

Arrangements should be made soon to monitor the seepage
by visual observation in order to determine its effect on
the structural stability of the dam . If necessary,
measurements should be made by the use of appropriate
instrumentation. The monitoring should be performed on a
monthly basis by a qualified professional engineer.

A detailed topographic survey of the darn and the areas
around the darn should be undertaken in the near future by
a qualified licensed land surveyor or’ professional engineer.
The survey should become part of the permanent records of
the dam mentioned in paragraph 7.2.b.
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PHOTO 1
SPILLWAY

—~~~~~~~~~~~~~~~~~~~~~

4’ ,

PHOTO 2

• SPILLWAY GRATE AND STOPLOGS

12 DEC. 1978
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PHOTO 3
SPILLWAY DISCHARGE CULVERT OUTLET.

DOWNSTREAM FACE OF EMBANKMENT .

a
.

~~~~~~~

-
- - .

-

*

- 4 ’

PHOTO ~
SPILLWAY DISCHARGE CULVERT.

12 DEC. 1978
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PHOTO 5
DISCHARGE STRUCTURE FOR BYPASS CHANNEL.

~~~~~~~~~~~~~~~~

- _ J~

PHOTO 6
OUTLET FOR BYPASS CHANNEL.

PUMP FOR LOW FLOW RECHARG i NG.

12 DEC. 1978
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PHOTO 7
CONCRETE DETERIORATION IN SPILLWAY DISCHARGE CULVERT .

— 

.
~ 1....: -

PHOTO 8
DRA INAGE DITCH WITH SEEPAGE FLOW .

12 DEC. 1978
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PHOTO 9

ROAD ON CREST OF DAM .

PHOTO 10
DOWNSTREAM CHANNEL,

12 DEC. 1978
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CHECK LIST
HYDROLOGIC AND HYDRAULIC DATA

ENGINEERING DATA

DRAINAGE AREA CHARACTERISTICS : Residential and wooded

ELEVATION TOP NORMAL POOL (STORAGE CAPACITY): 70.3 (192 acre-feet)

ELEVATION TOP FLOOD CONTROL POOL (STORAGE CAPACITY): N.A.

ELEVATION MAXIMUM DESIGN POOL : 72.9 -

ELEVATION TOP DAM: 72 .4 (Fie ld measured)

SPILLWAY CREST: Concrete wei r & timber stoplogs

a. Elevation 70.1
b. Type uncontrolled overfl ow
c. Width 12 inches

d. Length Total 15.6 feet
e. Location Spfllover Box inlet at upstream side of dam
f. Number and Type of Gates One gate - timber stoplogs 2.4 feet long

OUTLET WORKS: 2.4 foot long slot in spillway 
-

a. Type Gate

b. Location Upstream end of spiliway

c. Entrance Inverts 61.9

d. Exit inverts 61.5

e. Emergency draindown facilities : Remove stoplogs

HYDROMETEOROLOGICAL GAGES : None

a. Type N.A. 
-

b. Location N.A. -

c. Records N.A.

MAXIMUM NON-DAMAGING DISCHARGE :

(Lake stage equal to élev. 71.2) 42 c.f.s.

~ 

~~~~~~~~~



APPENDIX 4

Hydrolog ic Computations

-~~~~~~~~~~~~~~
S - -

~~



STORCH ENGINEERS Sheet ‘
~~- of _____

Project //32 Made By J6 Date $/2/7.9

- 
- ..va O~~ i Chkd By Date ______

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ L9~f lVf r1 .5 fre-5’Pfl CJ1’~M/1e /
(6~’/sn~ e~- Lake)

Dc?

Il Beach

It E/e~ - ,
It. :7O3

Ares lO &ei~’s

7/34 1e~’ad ~r n b ,~~,n
Ls

i4.’, /h a’/ ~~ch&Y? e

.5-fr~.lc1c1reS

1.Jp.5tream

/~ pc~/namn,e.v7 7’~S

rA~ Inp~~~ ia~rn~~it af /lss4e - L~Dn#, ~~~~~~ës of ~~~~~~ ft/~’/fl
/ a&e  (e/e~’ 7o.3) a.~id 7 sips “c~~i -

- d,,
~

- i’i itg- se,v e” r&4d
6/ road e me’-iits ~~~~id ~~~~~~~~~~~ by ~~~~~~~~~
37~r~’~t~’rC3. 

,~7 f f  j c-a~r ’ 
~~~~~~~ 

. 
~~~~~~~~~~~ I s

f,4e e..’p r ec~’,1-’ ~,,‘,po d#ve’ii /.s before re~ch,~~’
,7~e dafrn . //owei.’e,~ ,‘2’p s ,c/,c/t,~ , d’// a’ b~ o’~ies ~

(
,4/dZ~er ~‘i/ /  be cô,,s,~~ red ~ one’ / ~c ’k~ .

~~~~~~~~~~~~~~~~~ ~irimi~ i~
-I -

~~~
- - - - ---

~~
-
~~~~

- - - - -- - - - -

~~~

- - - - - b.- --



p.— ——--- - -‘---------- -------—.- - -•- --- - - - —
~ -‘ -

STORCH ENGINEERS Sheet ~ of

Pvoject “ ~ Made By ~ ~— Date - -

- 
tfr ~~~ ’~7 ~~)? Chkd By J~ Date 3/~/79

- 

~~/ : ~L ~
/a��/i/ a~

t-)-) -

ar ~ q cf ~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

1
~
VCra

~~e 
~1€p1~ ct /e7/ (~~. 4i ~t1-

~ t,’~,C1~ ra/ ~~~~~~~ ct /2 .9  j f .

&~~ t dac:;~ ’c ~r,~~

- - /1~~~ar4 P~7’ei ’t ’/ ~~ ~~~~~~~~~~~~~~~~

Nc,,~iber ,~ / a b , r a 6 l~ ~lk €dCfOr C � ~~~~~~~ 
ZS

H~~~-~?rc/ 1~ iii’Ya / ‘~/as� ’J / Cs1T/or

Co hi e-., ~ b ~ ‘~i ~~I ~

H~~a’ro Iog i c .  4na/~’-c’~

H~~~Z / - ~~B &I ~”// t’~~. u~~ 4 1’~, rce~’1~~ 77-,e 1-fcce/ ~~~~~~~~~~

~
“c $ ~~~~~~~~~/a r  ~,rnr / dp~~rnpI~ cu,’r/, / - Y/ ,ne~7r trat1~~f ~~f r n 7 e? t ’t11.

~ rai~’aqe ar~~
q O.~~ 3 ~~~~~. ~~ii,

- —-3- —---—---~~ ‘.~~~~. -~~~~ 
— — — —-- •- —j -- .-~~ 

— _~~_~~~~~~~~ __J_ _J



_5
—S ~~ - - —5———--- -~~~ -‘

STORCH ENGINEERS Sheet J of _____

Project // ~ - Made By “— ‘~
— Date ~~ 

-

1J’<I?c.. ~~/c~<~~
.—’~1 ~~~~~~~~ CkkCI By ~~~ Date 3/.~/7~

?reclp u . n  c

(R~ “ 

~~~~ ~~~~~~ ~~~ a~~~~~~
” 

~~~~~~ /973 )
I~~~OI~ I 7’19 /~~ ,, ~~~~~~~~~

Pfrobat/e I”feix,i ,t.,ni ?r~~~/ p / 14t~ ’r, ~~~
fcr  ~~, Iii-: ~~~~~~~~~~~~~~~~~~~~~~ a~d IC Sj . .

.~~~~~~~ 
-~ 7,’~~~7

2 o’-aD,e 1 (b~-~ ) ‘~ p’~~~’

too
,oq

2.4 “7

~~~~~~~~~~~ lic,

4-al ’ c- ~~ô1, C/ r c ’vp

~ 72. ~ oce//crs

~,�C 
~

i-,
~~,

’- i~~~/ i~~~~~;1rr~~1,~~,, ,-C~

c~~,s ta~~i ~~~~~~~~~~ 
c. i�~

r

I

t

__________

- -S------ ---- ~~ 
- - - - S -

~~~~~~~~~~~~~~~~— ~~~~~~~~~~~~~~~~~~~~ — — ~~r~~~- . . ,  ~~~~~



5- —--- - — --5

STORCH ENGINEERS Sheet 4 of _____

Project ~ Made By ~~~~ Date 4- -

/ ) ‘~ I-e i~~~/<eu’i �‘.i ~~~ Chkd By —Date _________

7,;,,~ ~~~~~~~~~~~~~~~~~~~~~~~ 
-

OV~ /-/a~,c/ I~S O C ’~~~ ,, 5 7. 

-

Vai C. ~~-c ~~~~
T /~ Z ,- ~ 

(Re1-. SC~ 
7•R- ~~~

~~ ‘,/ ~/•

/.~~, fp.~7 C.3 i~~~

7c */.2-t~C.3 /.~~~ ‘~r~

4 /1’er ,~~ T.~~ ‘Ha ~~77; Oc-7~

N b 9 ~’-ai / ) 7/ 
‘
~ besiqr ô-f .~ r~~?// 2~a~ i “

L :  ~~~~~~~~
42- ’

~~~~~~~~~~~~~~ 

e~r X 2.2  (a~~/ti~~~~~~~c# i* *~~~Or )
.o. P~ ~~~~

~ I

o�e 7~. ,.z /~ -

7_c
~~~

. O,~~x/ ,2.

I La~ = o.7a/,,- ,~ I

L~ 
‘

. 

___



- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -—-- -
~~~~

- — ---
~
--

~~~~~~~

STORCH ENGINEERS Sheet_____ of _____

Project / /  Z Made By ~ ‘~— Date ~ 
-

‘~- /‘cI~~. /~-foIz?uc~ ~~ 1r-i Chkd By Date —

Lake ~~~~~~ ~~~~~~~

~~~~~~~~~~~~~~~~~~~~ 7~~cn-i O�~~~~ Q 4e k - i.n~~/ pho 1~~s

7z.4

~~~~~~~~~ ar eq (A t.) 48,o S7,~, 7o.5

~~ /~ ke a~~ ~~~ il/ wa

/?E( / 7 ~~ ~~-o9 ra~~ ~~il/ ~kv~2 /Ope S7’o/-&~7~ .

(.apa c T ~, -f r-o n-i S~,f r .
7

L_~~E ar e.~ CI c2/~ .V,

‘ - 
-

-Si
L - - 

___  -- --—---—~~~~~-.-~~~~ . -~~~~~---- --- —
~~~~~ 

-
~~5 — -  

~~~~~~~~~~~~~~~~~~



_  - -  - -

STORCH ENGINEERS Sheet -6 of _____

Project 1’ . Made By f’~~- Date -
~~~~ 

‘
~~~ 7?

— ‘~ //~ i~ ~~- 
- / f~~ ‘~~~~ i ‘ Chkd By —‘~~ Date -

~~ 
-‘ -79

Do vI Aig T R~~~p~ ~~~~~~~ ,,v~C~~A~I~~E L 
p/ ~~~~ of /ow evea

c.Pu-LWA’r ~~z—
_ - 

- - -
- 

: ‘ : 
-

/ Tl M€~~ R. ~~~~~~~ PLA~ I
~~~~ 7°.3 &A T .~ ~~ . ~~~ -~ -

- 
. - 

L__ 
_ _

~L. ~~~~~ . 
_____ ____  

____________________ 
_____

I- ç~ ’ 7.a’ -

..— -3.4----,’

__________ s - ~~ ~~~~~~~~~~~



- -  _ _ _

- -S .
—5- - -

STORCH ENGINEERS Sheet 37 of ——
Project ,‘‘ ~ Made By “~~~ Date ~

‘ - 
~~~~~~ ~~ 

-
~~

- 
1~~I e~h C / )~ ‘ k (UI ~~ ~~~ ‘~~‘ Chkd By 16 Date 3-’  -

- e

2.4 ~i9Qct~-C i’C~,-7 P~ of Stc tq e.. I s/ ~ vrp  cr~ �1 ~~~~~~~~ “~~
-

13 .2’ 
~~~~ ~~-/ ‘ ~~~~ ~e, U -~ ‘~~

. 

~j  a ~~~~~~~ ~r€~ 1 w~~’r
1~3 2Co ’ /e

~
i v-I. of I) cacI)  at -eq -

C 2 C 3 coe.1.. of- 1-vi r~~e~ -~ ci- ~~~~~ ~~~ i_~ ~~~ r~ c1~~e i y .

C 2 2.7 -to 3.3

C~~~~ 2.~~

~ 
Q 3 d ’cch rq~ eve r L, L z. Lj re~pec* ve Iii .

&!p tp e a’/~ c I , n v 7 e_  1l~-u ~~5,c 3.�’ C.r ilc. -e r l

Ca’,f~ ii,,-,~ ~~ 
b~ 

77-) .~ ~“~~f/ er ~~~~~~~~~ 0f. 6~pip -e~ vs

~ T/ ~
(

~~ 7 ’ A

~~~~~~~- ~~‘ ~Q i ~~ z ~~~~~~~ ~a ~~~~‘~~~~~~~~z 
O~. ,Pip -E .” ~~~~ ~~~(1#) (-~‘t) (cfs ) (j’~t)  (C7~~~) 

( 
~f �) (C-f-i) (cjC~s (i~ ) ~‘c7’-~) (c~�)

7a.i 0 0 - - 0 0 - o - ‘~‘ C 
-

70.2. .n~.i ~~3 - - 0 6.3 - - C 0’3 
-

7o.f ~~ 1.3 0.1 2.~1 / ./  - 2.4 - 0

7C.~ C. . 2.S ô,3 2.7 ~~ ‘9 - q - q

7~ ô ‘~‘-7 4.4 a-c 2.7 /3 - -

71.0 ~.9 a-A .~.7 z.~ 2z ico -

‘-: ii  9., ~~.q z.9 3 4~ 
- 42~ 

0 0 4~ .

1’4 - ;  iZ i i  ~ .o 4’ 
- O z.. 4~ 

- 

—

- 
— ( ‘c i ~~/ 6/ 76  

- 7~, c.q. /32

• 
- 

- ‘ ‘c 1. 2. 78 ‘~~~ ‘?4 04
ZI ~~ ~~~~ q7 “8 

- ,~~g 
~~ ~72.. 4qo

-1 , 3  ~‘, q- 
~~~ 

- 13g’ /.o fz.-a Cc8

~~ ‘6° /~~~Z. I6o /. z ~~
- 

~~‘ ~~,c 
3 7/  / q(, z .~, 2.4~~t~ ~~~~~~~

1. 4 ~~~~~~~~~



_ _  
- -— --—~~~ 

-
‘ 

-- -S -  -~~~~~~~~~~

STORCH ENGINEERS Sheet 2~
_ of _____

Project — ________-- Made By. P- ~ Date LS______
- 

/~ / ~~~~~ ‘ (2 A /~ -~ 
-“ Chkd By ~~~~ D.t. .~~ ~~~~~ 

-

S7’k~E ~~~~~~~~~~ C.”& L -~~

73~o

_ _ _ _ _ _ _

-

~~ 

~~~~~~~ 
- 

[

710 -

—
5--

——-
-- 

4 ) (C % s )
U ’-L . :~~~

7/_ s . - 
-“

-5-

70., 0

/ 7o.~ 14-
7 0

7/. 2 4z

71.0 - 7’.6 245

72.0 ‘P9o

- 7z.1 SV4
74

~o t 2 ( -2.

_ _ _ _ _

—
~~ [~~P/~~L:~

.A’ -
~ C/a- :;’]

7o.c
0 2.oo 4oo 806

—- 

Q (ccs)



r~~~~ 

- -~~~~~~~
--- --— - --~~~—---— 5——--— - -

STORCH ENGINEERS Sheet ‘9 of —

Project //JZ Made By ‘.16 Date 4 - .~~ 
- 79

— 
,~1,s.4e ‘k ~v~ Dô’,r, Ch&d By Date ________

o 7oPP /A.’~~ ~~~~~~N7~’~4~

50 -

~~~~4a .

30 -

#0

4 t a
/1 I

I I I _~I • I fl U I~ I I I I • U

/ 2 3 4  ~ ~ 7 8  9 / 0 /I ,2 ‘3 /4 /5 /6

f/ow

Ov~ rL~opp;ny of /a&v ores occ~irJ o’t e/ e~ 7/. 2
bv/é1~ Q = 42 cj C~. (

~ B % Pfl’f)
Overto,op/ fr ~q of c/cc#n ~ cc irs ~/ e/e”v 7~!. 4

844 c~~ T. (
~ J2 % fl~i~)

I 
. : 1

I ~~~

-

~~ ~~~
-— 

~~~~~~~~~~~~~~~~~~
--

~~~~~~~~~
— - 

-

~~ 

—



STORCH ENGINEERS Sheet_____ of

Project ~“.3’~ Made By )
~~ Date ~~~

M,s%e MokU~7 A~i41 Chkd By Date ______

8~eE’!c,-’ 4N~4L VS/S

e 6re.n*~ I, ~~ 
/ ki $ i, e .4 en

re3eD~ ’ofr .5/&~’e te’&c%e’$ c ’/ ~.’. 72. 4 (lap o c i ’c~i) .

£/,~ 72-4

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘/,o

‘II

i’EZOPE~b B~QEAcH

~~~~~~~~~~~~~~~~

Ok

~~~

J

- 5 —5-- — -----—
-~--- - —-~~~I- -~~~~~~ L ~



STORCH ENGINE ERS Sheet ______ of ______

Proj ect i/3Z Made By J& Date 4 -1 ?9
— 1’4/she - M~ kL4ic1 

~~~~ Chkd By Date _ _ _ _ _ _ _

- ~~ 
ga~~ ~~~ H 

-- ~~ ~ ~~6 ’

CROsS Sec r/OAI
01? ~~~~~~~~ /

S 0,0~’ /

L

~~~~~~~~
—— 

‘- - 5 --S ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



- - - -

STORCH ENGINEERS Sheet_____ of _____

Project //3 2 Made By ~/G Date 4 4 79

— 
frfishe - ~~~~~ U.s’s Ch~d By Date _ _ _ _ _ _ _

e/e~ res ~‘/zf ‘ny /r i-~.v,

/ ~7/ / (,rt~ 0 /’  J€t?.&fl

- (‘/z pn~~) 
-_________

..~~ ‘~~~ - 1

c~

e/ e~
Pe’s(I/t /M

? “-“~,~on-
aver app i~y
(¼ i’iw~)

I ’

ti~
59

I I —

14 /5 / ~ ‘7 /6  20
— 

r,~~~e (/,r)

4

_ 

. 

Li



_ _  
-5-- .- - — - - - - — - - -- --- -— — — -‘ —P— -

‘ 

V

HEC- 1-DB COMPUTATIONS

I
_____IA. — 

~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

—. -

~~ 
- ‘~~~~~~~~~~~~~ - - -

— s~~a



--S - — 5

I I1 ~~~~~~~ -

I -

.4
• C.,
,-. ~~

a .
- —4 • a

• _l .4
C)

0 —~ U~) .14 C%i C~,_J S ~~ ;.. 4_

—.
~ “- I.-

~~I,J 0
t~~ ) 0 -
o a o - a r a a’.

L.J • (5’.~

x
‘—: — I#, -p.- -. -4

u.Io - o
- 

- 

.~a P- ,V~ r- - 
—‘ ~~ 

-

S ~2 .-4 - 
~D • .~

- 
I c~ t 5.1 - a

~~ ft C.l C~
~~~ 0.

- p.- -a - 

-
~~~ 

- 

- 

ia...-’ ‘.0. .) C’J ~
g) 4 4fl

• r~ a ~~ I S  •~f I S s  .~~
.: ‘ )~- —4 - ~~4~~~’.C~ )C~I —s

— ~~ T e’.~ ~~~

I -
~~Ep .- Iz 0 -

—
X~ Un rsPl 

~~. I~~0 C ~ -~~ 4 4 . 4  -.0 ~ ) Itl
I ~~~~~~~ I • .S 4 . S.  S

— 4~) — •...4 CIa L. ~3 C~I t’.j ~~~ r— .—, —,
a 4- 4~ - ‘.fl

0~~

a ~.j In e.seIa ~~~~ ~~ .14 4fl
•~~ S I’.— .;3~~ • • Sir I S .O - - -

~~~~~~ .0 • •.~~ ~~~~~~~~~~~~~~ S -r
c~J ac~ f’.-~~ 

4. ~S
- S

- I

t.31D 41fla C) 4 .4~~~c C ~ C~(’.J.4.*~~ %
It) S I S 5 0~s ‘.0 S S

— I 43 -4 43 4 ‘.3 csJ
I ~ ,...

-4 CIIFV) .14 — -, C~ -~ -~ 4.4. tflJ) ~ LA 0

- -- ~~~~~~~~~~~~~~~~~~~~~~~~~~~ — _ _ _  - ‘ - - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~ - -—- ,~~~. -—-_ 5-- - 
-5--. —-5-- - ~~~~~~~



- - — -—-S-- - - - - -~~~~~~~~~~~~~~~~~ - 5 -- -5--- — - -

5 S 5

- .4-s
.4

S 0
• 00 o
S I— S
I 3 A.0 .4
S 4 50
• — — S  II 5 s •
• JO 4-0 .J S4(~~~
S 4 0 5Ifl~.~S I 4..)

4 I LI0 0
4- ID
I’) .4
5 5- 50 I’—

111S I
5 LI

S ‘.00 .4
4-0 L l s  In 0 5
A. S — 0 5 5 . 4
— -~~~~• 2 5—.4 .4

• — 4 1 1 5  0 .J
• ~ O S 0
I 0 (MO 4._I S I

4- 2 1—0 (‘.1 14
S 4-0 14 0 5 0 • I I

A. S — 0 H 9
1 ~ - _ae a 0 OV)

C I •-.5fl 0 5 . - I
s_i S 0 5  —S 00 I- .4 4-. 0

1- 0 .4 . 0  00 Il) 0 0
LI LI t.J O 0—. 2 .1 5-0 .o I

S U) 0 U U. C 5-~~ — • 0 5 0
.40 — ~ 055 — .4 J 00 0
A. LI U 0 4.40 I— ~ A. 50 .4 • I 5

2 0.’ .4 00 5- 50 In 0.0
0 2 4— s— 0 — • 4(M 0 CwIn
0:a 0 4.40 3 5 1.40 s—. 05~~ I II (M

0.-JO 0.. 4 0.0 *0 0 • 5 5.42 ~! — 2  I— 0 — 5 5 LI .4 wI I C~I0 5 5—
— ~~~

—.. 0.. Ott’. . 5 0 5 LIO ~IaC3 4-a . .4 0..
4- ~ — US 0 5- I 1.4 In A. I ‘. 4 4-- .4
Li ~~ —— 0 II  S — 4 . 4U)0 O t t  (#1
II. 0 U. _J (110 5 U. 2 5— 4. I -~ 050 CI) ii 1.4.4 — 1.4.-s • U. ‘-I .~~ 4. a 5 04 2 5— 5 . I
I.) LI w~I—o 5 0 0 0.4,11 .~. sm— c. a..4 ‘.~~11 ~54. W ) A.c~I I 5 Li (MO lOU) 0 1.4 2

A. 0 1-0 12 • * 9 0 U) • i—.o 0 4- I~~~ 
.I

.4 4. In 2 .4 I a 2 20 0 a a S .J S 0 C051 — 2 2.-. 0. 0 1- 0’ I

-‘C’ 0 .4 .4 .4 0 0 20 0 - 0
..J0. pI 0 51 I_i 0 Ui — . 0  -0
.4 It— -, 720 a ID 4 5  2 5  0
24 .444) * 0 0.0 ~~ 0 30 0 0
0l ~~ J..i I I 0 40 ‘.00 LI 0 • . • S

I 4- 01(1 0.-A. 0 0 2 . ao I 
~~ •~~~ 4 0’5—0.-. .4 Ui 5 2 9 4- 0.0 (110 • II — L ’I’)IflC 0. — 11) 5 2 0 LI I A. “~‘2 ~J — 0 4- 0 0 J13 1-

LI~~~ ) .J a * ~~ U — 00 U.
9 * 1 0 1 0

In 5 . S .1 4W) 4—..I ft
‘.4 5 U. WO 4110 0 0 0
£ 2 S 5 0 .  54”.

S .4 0. 5 0 LI ‘ 5 5 • IS S *~~~ 5— ‘.00 1- 0’ U’. — 52 0 —4 (11.3 00 U) It’. 0’.0 .~4In I In..4 0 so • ~1
• S — S 4 - 5

_Jo S
2 s_JO 0 0.

• .~~~ • a 3 I. 3V) .4
• 5p_ I S — 0. 5 5-I 0
• 0’0’ I S 45 (/10 ID
• I.4I— ~ sn I. 

~~0 0 5 I S I
• S 0 .4 So a 4-I—F) I
• , 4- ZS  — - 0 0 5 C *4-.4
S .44 S 5— ID—s I.~ 4- 0 4-
• ~~~~ 0 0 0 411 5

S 0 S 4-
•~~~ .45 2 S S 0.. 1-
I~~~ ~ —

I I_i 4-0 2
5 5 .  5 5 ft 9

•~~~ 25  (M~~ S 5~ 0 • • 5 • I
.0.204 OW)
• I 0 S  % S 5 4. J s~~ ~. ..4
I5~~~ 5 I  4.4 S 0
5 4 11145 04 S
I .405.4 0  ~ S C
S 1s_i~~~. 0’0 I_i
S 4)~~1.. I 1-s4 I—
5 0  —• 3.04-0. •N A.
• 01-O~ I_il_i S
I . W S S  4-5 0
S II. • 4~~ 1.4
• 45 -I  04-
• 1411114 5 U
S I .45 0.
S 5.J5 5 14
• 54 I 3 a
~ ~t,l I 4 5-

-5- - — -  —— ~~~~~ — .  -~- ~~~~~~~~~~~~~~~ - -
~~

- . 
— — ~~



_

PMF INFLOW ~4YD r ~’OGR APl~
80.0* HR.$P1 P E R I O D  RAIN EXCS LOSS COPi~ Q

1.01 12 .05  145 .18 .16 .01 93 .
1.01 12.10 146 .18 .16 .01 102.
1 . 0 1  1 2 . 15  1 4 7  .18 .16 .01 220.

2.70 3 48  .18 .16 .11
1 . 01  1 2 . 2 5 149 .18 .16 .01 193.
1.01 12.30 150 .18 .16 .01 252.
0.00 0.00 151 .18 .16 .01 323.

iS? ~~1R .16 . 0 1  4 0 0 .
0 . 0 0  0 . 0 3  153  .18 .16 .01 479.
0.00 0.00 154 .18 .16 .01 557.
0.00 0.00 155 .19 .16 .01 630.
~~00 0.00 156 .18 .16 .01 698.
.00 0.00 157 .21 .20 .01 758.
.00 0.00 158 .21 .20 .01 811.
.00 fl .O0 159 .21 .20 .01 856.
;~ O~~~ ;oO i~ 0 .21 .20 .01 897—.
.00 0.00 161 .21 .20 .01 935.
.00 .00 162 .21 .20 .01 972.
.00 .00 163 •21 .20 .01 1009.

— 
~~~~~ ~~O0 16~ .21 .20 .01 3U43 ~.00 .00 165 .21 .20 .01 1076.
.00 u .00 166 .21 .20 .01 1106.
.00 0.00 167 .21 .20 .01 1133.

~~~~ 0~ Ou 0.00 I6M .21 .20 .01 liST .
.00 0.00 169 .27 .25 .61 1179.
.00 0.00 170 .27 .25 .01 1206 .
.00 0.00 171 .27 .25 .01 1220.

0.00 O~ U0 1T2 .27 .25 .01 1243~.00 0.00 173 .27 .25 .01 1268.
.00 0.00 174 •27 .25 .01 1297.
.00 0.00 175 .27 .25 .01 1329.

0.G0 0.00 176 .21 .25 .01 1362i
.06 0.00 177 .27 .25 .81 3395.

0.00 0.00 179 .27 .25 .01 1421.
.00 0.00 i7~ .27 .25 .01 1456.

3.00 0.00 1~ 0 .27 .25 .01 1*8 -3.
.00 fl .D3 181 .16 .15 .01 1504.
.00 .00 182 .32 .31 .01 1521.
.00 .00 183 .32 .31 .01 1535.— .00 ~D 0 184 .48 .43 .01 1550.
.00 .00 185 •56 .55 .01 1573.
.00 .00 186 1.37 1.36 .01 1628.
.00 .00 1$? 2.26 2.24 .01 1758.

— ;0~~~~~
-0

~~00 1*8 .5~ .fi7 .O1 1973~.00 0.00 189 .56 .55 .01 2265.
.00 0.00 190 .48 .47 .01 2634.
.00 0.00 111 1 .32 .31 .01 3058.

0.00 OcO O 1*2 .3? •3t .01 3462.
0.06 0.03 193 .25 .23 .01 3779. - ‘.00 0.00 194 .25 .23 .01 3979.
.00 .00 195 .25 .23 .01 4062.

— .60 ~00 195 .25 .23 .02 4039.
.00 .00 197 •25 .23 .01 3914 .
.00 .00 198 .25 •23 .01 3726.

0.00 u .00 199 .25 .23 .01 34°C.
—0.0~ 0.—0~~~~~~-7U0 •25 - -.23 .01 3216~.00 0.00 ‘01 .25 .23 .01 2942 .

Soc o .oo 2 02 .25 •23 .01 2706.
.00 0.00 203 .25 .23 .01 2508.
~00 0.00 20 .25 .23 .01 23*5.
.00 0.00 2 .19 .18 .01 2210.
.06 0.03 20 .19 .18 .01 2094.
.00 ~.00 20 .19 .18 .01 1991.

2 .~19 .18 .01 18~*..00 .00 209 •1~ .18 .01 1818.
.00 0.00 21 .19 .18 .01 1740.
.00 .00 2 1 .19 .18 .01 1668.
.00 .00 2 .19 .18 .01 1601 . - -

.00 .00 2i .19 .18 .31 1540.
0.00 .00 214 .19 .18 .31 1485.
.00 .00 2 .19 .18 .01 14~~6.—0-e-*0 O e O O  ?~~o— .l’~ . l&— .01 1393 .
.00 3.00 217 .01 .00 .01 1~ b2 .
.00 0.03 8 .0 1  .00  .01  1 3 10 .

______ 
.60 .00 2 11 .01 .00 .01 1263.O o e O _ _ _ _ _ _ e .05 1(72—.O 1 — t 0 —— .0t  1 2*7 .
.00 .00 221 .01 .00 .01 1136 .
.00 .00 222 .01 .00 .01 1050.
.00 .00 223 .01 .00 .01 953•

— .00—e.O0 224 .01 .00—iOl
.00 .00 225 .01 .00 .01 7~ 7..00 u .00 226 .01 .~~0 .01 646.

______ 
.00 0.00 227 .01 .00 .01 551.

O ô-00— —-t- 00 228 .01 .C0~~~~~.-0i.~ 0 0.00 229 .01 .00 .01 387.
0.OC. 0.30 230 .01 .00 .01 321.
0.00 6.00 231 .61 .01 •01 268 .
0.00 0.0’ t32 .01 .00—*O1
0.00 0.03 233 .03 .C0 .01 1~~8.0 . 0 0  0 . 0 0  2 3 4  . 01  .00 . 0 1  185 .
9.00  0 . 0 0  2 3 5  .0 1  .00  .01  172.
9. U’ - O . 0 ~ 2 —e 01 .00 .0% 161.

.99 9.00 237 .91 .00 .01 150..u~ ~ , 3 9  23 8  .u l  .00 .01  14 0 .

.0 0 . 0 0  239  .01  .00 . 01  3 3 1 .
S.0 .00 2~~0 .4 % .00 —.-~ l Lee.

.00 0 . 0 0  2 4 1  .01  .00 .01 114 .

.00  0 . 0 0  2 42  .01  .00 .01 10k.

-
—-5- — -~~~~~~~~~~~~~



-- --
~

-- - - - - -
~~~

- - -
~~~~~~

- 5-

0
.4
.4F)
F’.

- 0
0

- I
.4
a
(I

0
S .4
I 0
• 5- - In
• 3 0
S .4 —I
S —
S
I
S
I s_.i 00

10. — 4 5
.4 114 0
5 ~~I 0. 0Si IA S .4— — (9 I

1
0

.4.
S 00
4 op.

S S I — s
• 5. 14 0
S I I
I 0 0
• 0
S I-. ~~0 50 - - .
• 5 0  2 1140 0’ .4)
• .4 0. 0.. 5-0 (9 14
S 0 ~~ — S .4
• 0 0

l.a
5 .4
.4

4- I-0 ~~0 In
—I 0.. .4

4 0 .  0 0 0 4 . 4
14 3 ) — I 0 5—
5 5 0 I .4 .4

.4 I Cp - S  4 -4 .4
5 9  5.. 5
• C t.J 1.4 .4 I. J.1 50 -.4 .~~I 0 5 0. 02 50 0
I (4 4 .4 (/)0 (9
I S — 5- 0115 2 .
• 0.. 2 — S~~ 40 0

I 4 —
* 0 5 5.- 0 0- .4
S s.D (1 9 .3
I 0 3 5 -0 U) CD • 5 ~ I .4

~ 0 0 0 Li 4 4 .4 ..5 (9 5
0 0 U 0 5- 5- 5- (14
4 - S  5.4 — 5-

0
S

5.J 0
4,
O 0. I 10.0
4 2  ~. o 0
2 0 S 4- 00  I S S

I 1.4 U .4 (I) .4 .4 .4
- - 14 2 5 II. 54) 5- - .4

• — (9 O4~~ *
I C - 5- .4
S
S 1.1 0 (11.4 (4.4
• 5- 4 i  5(10 0.
I 9 4 - 5 0 0  5—
S 0 (4 _ 4 s  (4
• 0 00 2 I I .4

.4 .4 S
0 .4 (-. .4
(II 511 4-

1110 I• S
(9

00 5- 5

I S
• 0 (II
5 ‘0
I .-

S a a
5 .4 C
I S~~~ •
S (9 C
I 4-
I
• ft H

4 5
1.1 0

4 0 5.
— 4 .4

3 5 4  ~0 U 1.4
.4 .4 ._I
1.. U. ~.&a

3
0

— 

~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ J~~T4L~L1~li1~ 

~



- -

~~H~~~H H H H1 1 5  Il l  5 I I SS I 5 $ S . . 5 . I I .~~~~ , S 5  • . . S SP 5. I I . 5 . . . . . 5 . . .  • 5
000 000OD00D. .I(9 V~0F)sflD.D.-.0 ’r-. ,~~04.4 5-4-.404*0’4-05-9) -

. . .1 . . . . 
iF)’0ItSrOInuuJ5_5 ~~~~~~ 

~~000 000 0000..(9W. 4 r c c(9.44....C’.O ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
— •(90(9 O.s5..i5-50 ) .4()~ 00’U’ fl’

. I . 

{F)
~
o...r.450F)r_ 

.
000 00000000.4C ’.JD., f 40 11J... 5-...5tSJ

s-1 .4 25)5-0’-4s’.C’.s~.~~~ i4)5- 11,.15 .u1a .4C’a’sc 4A.aam0’0
~~~~~~~~~~~~~~~~~~~~ ~~~~~~~9C9 (9(9(S.i(9 -.-~~~~ -

- .4

IA
l.a -

4 S 5~~~ • S I  S S S S • 5  5 * ~~~~ • 5 I S I~~~~~~~ I ~~~~~~ . . . S .- . . . . . . . l .  • l . S . S I . . . e + I S I .
0 2 000 00000000 Ctfl*N’.~~.0.4-w)QV) 4~0F) oo.3o.3s~ oo.3.3.3 .4p..3.4 -.4o.-.u’.3N

— 0Ifl05~5(1J*If0(90St*p~ 0 (9In 0”.OY)~.i.- .
4 0  .4
0 0

• 2
-I 0.

.4
2 .4 - - • • • • • • 5~~~~ • ~~~. S~~~ • ~~~S 5  . II . . - . S S . .  S • ~~~S S • 5 S e • S I S  I
4 0 000 0000000.3 ..-45- %0 50 1211)0-4-D4-0C.5-c’.Sa 00Q0O0000b0~~~~~~U i 0 ’ 0 ’~~~ C0 C 5s.5 ..) 52 I
.4 0 gu y,-. ~~~~~~~~~~~~~~~~ p’..-~p’.p-- ~gu _

~~
j . 

~
-. I

0. 0 (9 (9p)O’.’.DF)ps.-s — .4.-.~-..-..- (9C-J6JC9 CSJCy
C .4

. 4-
2 2 5  Ui
.4 0 4,
0 0. 4  .4
2 ~~ • I S  5 5 5 I •  • . . . . . . I e  • 1 5 l • I 5 • 5 •  C S I S ~~~~ S 5 5 5  •~~~~ l S I 5  S .  5 . 5 I 1 . . 5  l •  5 1 1
.4 3 000 .30.3 00.3 II- *W.a~\ (9 5~~C0.f 0 .30.30 ( 0..300 C.Q(111.. O ~~~~~~~~~~ )J ) 0 A~tS. 2
k.i 0 - h(90C0 0(1~,. ’0C

2 0.. (914)—’ II-O’5- .4~ ’..—. ~~~~~~~~~~~~~~~~~~~ ‘ .5.— .— - .C~~t’.4()~ 4 4(911 •I5_ I
0 l  -~~

p. 0
.4 5
5 - C
( 4 2

1.4 . 1  I I
DOs.. 000 0000.- ~.-s* (95-~~ 50W)4-~. .30O000QO .3C005u00’I—I —’11P~~C0J 2C%5 Q’5-44- 1134 (9P’)*~~~~W~ 11#u..up)s(1s).4p-)..’.m 5 - Q 4 -~~~~P.- U ’.’s50C’iY’0

— ~~~~~~~~~~~~~~~~~ .4•~~ .4_4 .4

S I~~~ S S 5 e 5 S 5 S S ~~~~ • S S 5 5 S 5 l . I 5 5 S l  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
-00.3 000 0000.4..5) C54) 4-1414Oif)0.30(’.8’ 00~~~.3.30~~~~~000~~~~~~~ c g u C 1 1 C Cg u 2 S u g u —(13 5

~~~~~ g)gu54’0’ ~~~.4 ~~~~~~~~~~~~ Y’.S))11F)V)5)511 s)s.’ ’S ~~4- c’.su C n—p. ~~~~~~~~~~~~~ I)’.~~~
40.105-4 . 5 . . 4 . 4 . 4 5- ( 9~~1’~ 3(9~~~(9~ ...-~ — —

- S S S S ~ S S S S I S S S SC I S •[I  • S[ . . . . i. . . .. . . . * . . i. . . i. . . . . . . i. . . i
000 000 0O000—.(9p.00’0.-.i0.5r~~~O’ .., ,-. 00000 ..300 3~~~C *c’~~~~~~~~~~ .o. ’ n - - .Ji

4 ,.30’20st’.,-5- ~~~~~~~~~~~~~~~~~~~~~~~~ 0S)..~ ~~~~~~~~~~~~ .~‘ -~~

• I I I I • ~ • I 0 • 1

..s.4c

Ij ~

...5-41._. [ _1_ 1_4[___ [_54_[_
~~

__1(9C’.i(910
~~N —1

000 000 O000O.- (’J~~~.-q N-s4 4 0’..055  ~~(9.4 (‘.3 0000 10.3 , ~~00-Ng’ 2- ’44’b’ ~~~~~ X13.42 20cr ‘Y’
—5.3*  .4 ..s.-.0.L’C’.4-Ii1 F)5~~~ 55F)5)V)P)W )~11~(1P) 1.4 y~~ 5.~c0 ’11.. I.~[
~~1 F 1 1 ~ [ 1 f ~

~~~— — — -  ~~~~~ — —
~~~~~



5- _ _

00 0000000000000 (9(9(9.4.. . -~~~~II-p. 5-5-5-

H £54 5.45454 5 5 95)Pu5-F)0(90’4-4350(fl* (9
• S • S S * - •  5 S S • 1* S
00 00000000000 ~~~~~~~~~~~~~~~~~~~~~~~~~~~
5-5-

5454 ..4.-~.-*,.I.--s .4.45.-~ 5--4CvC ’.~*).Oe54.4.-~.4r.- .-4 ..I.4’0*InF)(9
S I • S* ~~~~ * l ~~~~~ • • . .. . I S. . . . . .  
00 O0000Q00000c’05..5C4(9C~~~~5-r.. 5-5-5- p- p.r.- r.- r.- r- p- 4 - 5-5- 5 - 5 -5-5- 5 - 5 -5-5-5-5- 5 -

~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
DC’ 0000000000000
5-5- 5-5-5- 5-5-

~~~00 -0~~ 0D00Q0 0 0 0 0 0 ( 9 ’n-’ .-..4
5-5-

5-5454 5.5.54 .~~~~)..4 * 00D~~~~~~~~~~’0U1*50(9
U, I

0(9 0190 - 00Q00000.3 (9~~~~~.(9 ~~~~~~~~~~~~~~~~5-p.

5.154 - .-4~~~~ ~~~ .4(9 (54 50 .3.0 a’0Ifl*5.- C54

00 000 ~90.3 00000 00*.~~9I9~9 (9(1..-. 54.-i P..-...-~
4-5.. 5-5-5-  p.5-p. 5-5-5-  4 -5 - 5 - 5 - 5 -5 - 5 - 5 -5 - 5 - 5 - 4 - 5 - 5 -

5454 .45.455 ..I.5.5 54(9C’i 4o’g1e50.4.0.F).3”~ 50.4I1N
I •~~~~~. 5 .• e •  I
00 0 09  3-300b00’94,C’0*(9(9(9(9~ 54(9.4 . --ss -s .-. -.
5-5.. 5-5-5- 5-5-5- 5-5-4-5-5-5-5-5-5-5-5-p.5-5-5-5-4-5-

~~— 
__[5.5._[ L. ~505-.5- .A[O4-50LF)5-

00 0 90  ~~~~~ 0000, ~00
5.-N 5-5-5.-

5454 1*5.5. I.4 5 4 . ( 9  .4.4*0’51(,S.3 .35-50.4F)N
. .. . . S .. I* I . * *  
00 000 SO’ )C’90.91’0019 *5.5).4
5-5-

— -.--5--~,---,-—- -  —~~~~ 
~~~~~~~~~~~~~ - ..-



5-

U.
OCr (~1 0 a a

~~ C~
) a

I LJ. ...4 ) I I I S I
- 

~ —o a a a a 0
— .~ t
I -ti.

- o
(4- _I

S C) U. (fl irs in cii ~~u (~Jp-a: ~~r-c~’.a~LF~~~~) 5 1 5 1 1
a 0 ‘.1’ ~~ ~~ I-- ~~a I S 5—I X ~~4 s—I .-’. .- .54

I ~~~4’54) 4. 5_)
~

- I’.L~ 4

01~~
0~o 2n
5-- 00 I

- 5-*p.(/) f500C~~~,
5— a- c’.i m a  a a

U) ~~ c r ’ .  I S  I I I
— cr w 0 ~ .-c a
). . p. 00
._l I U)
.
~~ Li
~~~ a - a s .
~~~l ~~~~~~~~~ 5”w 5 5 1 1 1

~ - >- a .~~ ~~ F- F- a in
5— - — _a C/ s--4 ~~‘ 4’

- I L8. t~. in -~ F- -3~ -4U . t  )<5--U -i ’.4g 1 ~~~
‘-S
0~Z. (I)

.
~0

I 
~~~~L. • I S, .

U.
I I ~~. 

I)’.’.:; u~ 0
I Li —‘ a’. I ~‘.J C.J ciJ (‘.J ‘~

‘.‘J,.- ~~~
~~~~~ •~~p- •i: -

~~ ac’. . * LU)
- >.—. C~0sin

~~
~,, ~~~~~— -

P.— - r -z F- r. ’ ~ ~ C)
— - p. 4’ cii c c~~

- .‘! —~~ I I S S I

5-4 )i. U Cr a a ~‘

0-

5— (.~~ 0 s-s F- .() )S)

~ —z ._i (‘~ ~_J ~O .~)  C!”

~~~a-tL ~~ ~~LI S S S • I
LI 05— ‘—. ry • C’.j C”J cii .—. .-~
_Jp—~~~ ~~~~~~~
LJV~.0 ~~~~ti) S -

- I

a- I

a
• U.U, I~~(~~00.~~
S 5-. 0 )• I.’) 4~ s ’) .“.l .-4
S () • S S S I
S II -

-- ‘- -~~~~---- - - 5 -  — 5- — — -~~~~~~~~~~~~~ ~~~~~~~~~~ —5--- -—-~~~~~~ - - -— — -~~ - - 
-~~~~



- - - ~~~ . - -~~~~~

7 AD A068 671$ NEW JERSEY STATE DEPT OF ENVIRON$€NTAL PROTECTION TRENTON FIG 13/2
NATIONAL DAM SAFETY PROGRAM. MISPC — MO$(WA DAM (N.J 0ON19). DELA—ETC(U)
MAY 79 R J MCDERMOTT OACW6I—76 C—O124

• UNCLASSIFIED NL

2c ~ 2 END0~ I



i 011L1
____________ ~ 

2 2

I I ~

~III~fiffi I .25 UW ’~ Qfflj 6

k ‘N I I I’~I~
I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



U, .-i ~~ #4 (‘4 — ~~ .4 .4 a-.4 • • • a ifl a U,
.~i ~~~~~ a ad-

.
3

3
~~ I~J 0
o 

~~ 
j a a a . .4 aC’Jt~1.14 • •

o ~LiJrY Li -4 N
(Il N
‘.4 I

.4

0
~~ NW) N Z .4 (D.-i c~.a aa Z c’~& a

t~ a .—~ a ~~ r—aa t)
I X  T .. ’ a 1 a — ..

~~ 3.
C N N Lii

Cl
i~~ er~ tD

*40a 0 Z
C’ Li-I ‘CC -C,sU,4 tfl.4 _h- U’3.C’J 14 C’(\J(’

~~< Li. 0 0 • • a .w) a • ~~ Li in .~~ N N inN
Q3 ~c N ..a a (‘4 ~v4 ~~
~~~~ 0- Z ~ N N N N N I I 0
NO I T I

-
~~ (-I I

U, I I —I
t~ia *4 f Li
r in — u~~

) a a 0 d 414 ~~ a in c$o ~~ in a
(I) Z~~) 0 • • ad • • I a a QC)~~ ~~.4 a C~i Lii (\~ C\I~~iN #4 L.4.4 a W)~~ ~~Z 10 NN

~
inN L%3 

L~0 — LI (‘J&S) U) ~ C\J (‘4W) ~~ a .~ 0.4 .3 C~J, (‘4 .3 (‘.1
• NC3 ~~ S I •U) I • a a aI sfl a • r~ .-~ ~~~~~~~~ 

- •..~ •*4
~~~~~~ ? 

~~#4a a.-i -4.4 000(’j.44Q.-4 ~~~~#4 .-ftfl0Oa~• a • •  0’ 0 .’ .  a~~~~ a
a ac’4mn .

.—. ~~ ~~ I • I .3(1 vv~ .—. n ~~ ..~ ~f lN
~~~~~~ .~~ li! i~~ ~~~~~~ I— *~ r ~~~~~~~ ,-~~~- ~~~ ~~- ~ ~ .. .3.3.3.3.3 ~~

..I- ~~~~~~~~~~~~~~~ •~ ~~ N~
_ 

~~- ~ - ~~~ ~~ ~~~~~~ ~~ -

I l L ]  
_ _  I _ _  _ _

0 0



IaJ
OtY(fl 0

~~~~LIJ.J~~ a,._c, ~F~~
4

3
0

0
N~~

•
F V C~(~1 —
.4O a .  ~..4 ~~ .4
Od-W ) * ~~~~~s o d  I .4
ILC~ (‘4~~ £
Op.

0-
0 ZO LI(fl — LiU,
N 00 £~~ .i £~~ 4

— N U, a ~~ 
1 a-i ~~ a

~~ I~0 NO 
~
‘- 1—0

V) ~~~~~~~ a Z p~ Z
‘.4

#4 (‘4
1- 00

-.1 in
.4 IaJ £ 1 - Pu LI.— r~
~~ ~~C a a  ~~Li. a DLi. a
4 (Jr40Q I. . U~ £ 0  r~SW) X3  a L1 i~fl ‘4Li 0

• N NO.4 ~~0 U, Z Z )C tD
N- .4N L*4LI) ~~) 0 .4.4 Oj 4 4
Li 5 U. IL 0’ £1- ‘.4. F N

*4 )(1-L~ ,3 p- y) N in
.4 *4 4 .4

N N
U, U,

F U)
~~~~~ ~~ a

a ~~U.
~~ t.. .i a ~~ILl N 0 ~ ‘.0L41a. ~~ 

p
Li ‘~~~~~~ (‘4 q 40 -4 ~~ 0N ~~ ‘~0L)
*4 .4N.4 I ~~.4 4 a a a  LU) Z

)_ >-iaa .1(1 .4
._J; *4

~~ 0. 0-U) 4 P 4  0 0  0 ~— i  P ‘.4 ) I-i
I.- ~~ I— I I— a
‘.4 .4 4

a - 0 -  •

.4CLI

0

a
C

NC’Ir~ F’.~l.I ‘.
.4.4*4 0*4 0
~~~~ IL £>Li •• LiON I.4~~~ I ~J...ft—~~ )( &.JV) —
Liu/)O .41/) a

a
a
a
a 01L11.. ~a p—02 n
a 0. a
a y

a
a
a
a
a
a
a
a

.4

_ _ _ _ _ _ _  

I



r —

~~~

•

~~~~~

-

~~

•—

~~~~~ 

-

~~~~~~~

•

~~~~~

-—

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

•

~~~~~

— _

APPENDIX 5

Bibi lography

I

H 
- • - •• ~~~.• • - •• •-- - • • - - •

~~~~
• •

~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



- ~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~-~~

1. “Recommended Guidelines for Safety Inspection of Dams,” Department

of the Army. Office of the Ch ief of Eng ineers, Washington , D.C.20314.

2. DesIgn of Small Dams, Second Edition , United States Department

of the Interior, Bureau of Reclamation, Uni ted States Goverr~ment
Printing Office, Wash i ngton , 1973.

3. Holman, William W. and Jumikis, Al freds R., Engineering Soil
Survey of New Jersey, Report No. 20 Burlington County , Rutgers
University , New Brunsw ick, N. J. 1953.

F 4. Geologic Map of New Jersey” prepared by J. Vol ney Lewis and
Henry B. Kuninel , dated 1910 - 1912.

5. Urban Hydrology for Small Watersheds , Technical Release No. 55,
Engineering Division , Soil Conservati on Service, United States
Department of Agricul ture , January 1975.

6. Herr, Lester A., Hydraul ic Charts for the Selecti on of
Highway Culverts , U.S. Department of Transportation , Federal
Highway Administration , 1965.

7. Safety of Small Dams, Proceedings of the Engineering Foundation
Conference, American Society of Civil Engineers , 1974.

(

~~~~~~~~
• ~~ __ ~~~~~~~~~~~~~~~~ .~~~~~~ .•.•- ••—•• 

~~.— -
—.- _[ _ _ _ _~ _ -—-- —• _ _ _ _ _


